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A METHOD FOR IN VIVO IMAGING OF AN U]SMODIFIED 
GASTROINTESTINAL TRACT 



Specifically, the invention relates to in vivo imaging of tlie gastrointestinal tract in 
Limnodified condiiions. 

BACKGROUND OF THE BVvTLNTION 

Endoscopes for ^dsuai examination of bod}' lujiiens usually include a 
flexible tube inserted into the bod}^ lumen. The tube usually includes a remote 
illumination source, which delivers illumination through an optical fiber, and an 
imaging camera, typically including a lens and an imager. 

Figure 1 schematically illustrates a prior art endoscope. In the endoscope 
10, the illumination source 12 is located along side the camera 13 and camera lens 
14, resulting in only partial overlapping betwe^ the field of illumination 112 and 
the field of view 1 14. Usually, the non-overlapping area between the two fields is 
small and not significant. 

Figure 2A schematically illustrates a prior art ©adoscope 20 inserted into 
the intestine 26 (e.g. the small intestine). The field of illumination 222 and field of 
view 224 overlap enabling acqmsition of images from the intestine 26. 
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Figure 2B schematically illustrates a prior art endoscope 20 inserted into the 

intestine 26 when the field of illumination 222 is obscured b}'' a fold of the intestine 

224 and acquisition of kxiages of ihc intestiue is pxcvciiLcd. Albu, il^c ^ b^cml.^-i, of 
tiie field of view 224 by tiae foid m the intestine wall 26' is enou^li Lo pre^'cnt image 
acquisition. 

The problem of obscuring of the tip of the endoscope, as described above, is 
10 well known in the art and is usuaity solved b}^ insufflating air in the intestine. Figiu'e 
3 schematically illustrates a prior art endoscope 30 in an air insufflated intestine 36. 
Air insufflation inflates the intestmal walls, flattens the folds that are naturally 
present in the intestine wall, and removes potential obstruction from both the 
aiumination source 34 (field of illumination 304) and from the lens 32 (field of view 
15 302). 

Air insufflation of the intestine, although solving problrais of optical 
obstruction, changes the normal physiological conditions of the intestine. Under 
normal physiological conditions the intestine is collapsed and most of the remaining space 
is filed with tiie gastrointestinal liquid. Under insufflation the intestine is filled with air 
20 leaving the liquid spread as a moisture layer only on the intestinal wall. In an unmodified 
environment viewing conditions in the intestine are similar to imderwater viewing. Air 
insufflation modifies these conditions possibly leading to degradation of some colors seen 
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through the air (similar to tropical fishes which have vivid colors in the water but pale 
colors once the fish is in the air). 



In addition to differences in geomet'-v and in the physics of vie\\ane ^he intestine 

insufflation and the resuJting air pressure in the intestine. 

For example, a tamponade effect results in increased pressure on small blood 
vessels possibly resulting in stopping an^^ existing bleedijig. Tims, effecti'N'e detection of 
bleeding sites in the gastrointestinal (GI) tract may be prevented. Also, villi collapse in air, 
10 diminishing the quality of obtained images, as compaied to villi floating in the 
gastrointestinal Uquid. Fmlher, in rare cases fatal air embolism ma}' occm- as a result of 
insufflation endoscopy (Katgraber F, Glenewinkel F, Fisclrler S, Int J Legal Med 1998: 
111(3)154-6.). 
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SUMMARY OF THE INVENTION 

According to one embodiment of the present invention a method and device 

5 under natural physiological conu::: jiis, is ] ovicca. /vcc^ ^-i 

prevented. 

According to one embodiment, the invention is based on viewing the 
intestine through an optical dome, which prevents obscuring of the field of 

10 illumination or of the field of view, due to collapse or due to a fold of the inte^t'ne 
wall. The invention, according to one embodiment also enables to obtain in vivo 
•images of the gastrointestinal tract having a quality that is not impaired by 
modifications of the intestinal environment, such as by insufflation. 

The method, according to one embodiment of the invention, includes the 

15 steps of: introducing into an uninsufflated intestine an imaging device for imaging 
the uninsufflated intestine, and obtaining images of the uninsufflated intestine. The 
imaging device, according to an embodiment of the invention, comprises at least 
one dome shaped or convex end through which the uninsufflated intestine is 
illuminated and viewed. 

20 According to another embodiment of the invention there is provided a 

method for viewing submucosal formations in the intestine. The method, according 
to an embodiment of the invention, includes the steps of: introducing into an 
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uninsufflated intestine an imaging device for imaging the iminsufflated intestine; 
illuminating collapsed walls of the intestine; obtaining images of the collapsed 

intestine walls; and obtaining from the images of the collapsed intestine wall a view 

5 embodiment of the iiiveiiiion. ccurprijcs at LCd:^i one d^iiic si:: * 

According to one embodiment the inaaglag device is an en '-^"c-^i-.? 
comprising at least one dome shaped or convex end through which, the xminsuiaiated 
intestine is illmninated and viewed. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fiiUy from 
the following detailed description taken in conjunction with the drawings in which: 

Figure 1 is a schematic illustration of a prior art endoscope; 
15 Figure 2A and 2B are schematic illustrations of a prior art endoscope in a 

gastrointestinal tract (2A) and in a portion of the gastrointestinal tract having a fold 
(2B); 

Figure 3 is a schematic illustration of a prior art endoscope in an insufflated 
intestine; 

20 Figure 4 is a schematic illustration of an in vivo imaging device in an 

intestine with unmodified environment, in accordance witii an embodiment of the 
invention; 
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Figure 5 is a schematic illustration comparing the illumination of a prior art 
endoscope in an insxilBflated intestine with the illumination of an in vivo imaging 

device according to an embodiment of the invention; 

Figiuu 7 sclicmaticullv iliubL.dvjj ai; ar.^\:l:^r r^^ lailou :fl r 

air-insufflated endoscopy and for endoscop}^ in accordance with an embodiment of 
the invention; 

10 Figure 8 is a more detailed, three-dimensional scheme of the schcirntlc 

illustration of Figure 7; and 

Figures 9 and 10 present angular resolution and apparent magnification for 
air-insufflated endoscopy and for endoscopy in accordance with an embodunent of 
the invention. 

15 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following discussion, embodiments of the present invention will be 
also referred to as "airless endoscopy", 

5 an in vivo imaging device, speciiicciiiy acbigncd, in accoidaucc sslui axi vxixLuJuiiCiit 
of tlie invention, to view the gastrointtistkial tract in an umn^^uiiieJ cu\ k'.rijaeat. 
The m vivo uimgiiig device 40 is a device capable of bemg iuscrieJ ixiid iuo\cu 
dirough tlie mtestine, such as an endoscope. The dome or convex, shaped tip 402 of 
endoscope 400 is an optical window 42 through which tlie intestme is illummated 

10 and viewed and/or miaged. One or more illmiihiation sources 46 and an imager and 
lens 44 are positioned behind optical window 42. The collapsed, uniiisufflated 
mtestuae walls 410 are in close iDroxhuity to the imagmg device 40 and present only 
a limited area 412 to be viewed. In these conditions the jfileld of view 404 includes 
the entire area 412. Furthermore, illumination field (or fields) 406 provided by 

15 illumination sources 46 illuminate the entire area 412. Hence, at any point of time 
during the imaging device's 40 progress through the intestine a limited area of the 
intestine wall is fully illuminated and can be viewed in its ratirety. 

As will be shown and discussed below, an imaging device designed in 
accordance with an embodiment of the invention operates more efiSciently than 

20 prior art imaging devices operating in insufflation conditions. Also, according to an 
embodunent of the invention it is possible to obtain images that are of an improved 
quality compared to images obtained under insufflation conditions. Furthermore, 
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images obtained according to an embodiment of the invention contain inforaiation 
that is unobtainable under insufflation conditions of the intestine. 

As is sho\Mi ia Fig. 5 the illumination efficienc}'' of imaging device 50. designed in 
n -^'-e with an embodimei-^* i^-, h'Hicr -.r p,.*. j,,,^^:,,^ 

-.i;'.- p. : .ji of mc i;:.:— : ' ••" -.J . : - ' " • ^- ' ' • ■• 

As shown in Fig. 6, also the viewng angle of the device in accordance \vith an 
embodiment of the invention is less sharp tlian the viewing angle of a prior art imaghig 

10 device. Therefore, foiTnations such as aiterioles, venulas, hnnphatic ducts a.nd others, which 
are located submucosively and which are viewed according to an exnbodinieut of tlie 
invention, are viewed through a tiiinner layer of mucosa tlian while b^ir^ \'i:i\vcd by a prior 
art imaging device. As can be seen in Fig. 6, the optical path to the submucosal formation 
604 is shorter (see distance v'-w') when using an imaging device 60 in accordance with an 

1 5 embodiment of the invention than when using a prior art imaging device 61 (see distance 
v-w). 

Reference is now made to Figs. 7 - 10. Due to the different geometry of the 
two techniques (prior art compared with a method according to an embodiment of the 
invention), their spatial resolution is also different Fig. 7 presents a simplified planar 
20 scheme for calculation of angular resolution and apparent magnification. Fig. 8 
presents a more detailed, tbree-dimensional scheme. Figs. 9 and 10 present angular 
resolution and apparent magnification for air insufflating and airless endoscopy. It 
can be understood that airless endoscopy provides siq)erior resolution in most angles 
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of tbe field of view. For the simplicity of discussion several assumptions can be 
made: Insufflation causes the intestine to be cx^indrically shaped with a radius R2. 
The endoscopic optical axis aligns with the ^eoire^nrn^ n:ds of the intcctin'". 

aruLlUd LUC «>|HlCat UUtnC lIIC v.-^t.-^-c. vttiMi,> ^ - - ' . . 

uic 6jLiuwn in t ig. 7. Ic suoaiu uc not^u t^iat usuim^ x^x « . 
L iii^A.iii iiix^',i^dr rc>Oii.ih > 1 

The objective is to find what will be the angles A8 and Arp (along tbe two 
orthogonal axis) for an object that has length of ALe (or ALp)5as a fimction of the 
view angle 9 (or (p) coiTespondingl}-. 

Case 1. Air insufflating endoscopy. 

a. Angle (axis) 0 
Le = R2*ctgG 
dLe/de= R2*(-l/sin^0) 

It should be noted that only an absolute value of the expression is important, 
therefore the minus sign will be omitted. 

b. Angle (axis) <p 
Lq, = (R2/sine)*tg<p 
dL^d<p= (R2/sine)*(lW(p) 



Case 2. Airless endoscopy, 
a. Angle (axis) 9 
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Le = Ri*e 
dLe/d0 = Ri 

b. Angle (axis) cp 

Assuniuig R1=R2 die nomializcJ (leiaiive) iingulcu; rcsclution u.J L^l^ ^..ioi: 
ai*t metiiod and of a method according to an embodinient of Uie iu\^eatlon, may be 
calculated. Figure 8 presents results of the calculation (in order to make the visual 
10 presentation more illusti'ative, inverse value is plotted: d9/dL 

Angular resolution of the airless endoscopy is better, espcciallj' for low 
values of the viewing angles- 

Finding apparent magnhScation, 
15 Figure 9 shows geometrical relations used for calculation of linear 

resolution (apparent magnification), for air insufflation, and for airless endoscopy. 

Magnification is defined as a ratio between the size of the object on the 
imager and actual size of the object. It may be defined without units or with units, 
e.g. [pixel/meter]. 

20 Angular resolution [m/? ] versus view angle for air insufflating endoscopy. 

The line referred to as line 90 describes resolution versus 9. Other lines describe 
resolution versus (p (angle 9 serves here as a parameter). Angular resolution in 

10 
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airless endoscopy does not depend on the viewing angle and is 1, assuming the same 
diameter of the intestine (R1HR2). Difference in the resolution is increases assuming 
that the insufflation increases the diameter of the intestine (Ri< R2). 

a. Angle (axis) 9 

Le = R2/tg0 
From here: 

Lo = F*R2/Le=F/tge 

Derivative will show the linear resolution: 

DLVdLe = -R2*F/ Le^ = -R2*F/ (RVtg0^) = -F/R2*tg'e 

b. Angle (axis) cp 
L'p = F/cose*tg<p 
Lcp=R2/sine*tgcp 

L'<p= F/ cose* (sin0/R2)*L^= F/R2*1ge*Lcp 

dLVdL<p = F/R2*tge 

Case 2. Airless endoscopy. 

a. Angle (axis) 0 

Ue = (Fnge/Ri*0)*Le 

dLVdLe = F*tg0/Ri*0 

11 
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b. Angle (axis) cp 

= (F/a:iing9/(pn/cos0)*L,p 

df / ./f^T - -F/R., *trrro/co* l/co^-.R 

Magnification for different viewing angles is shown in Figure 10. Li Tl^. 10 
.J j^i^j,'i^jxiC(-it.j.Uii [jpiXCiS/ t.nci.^x'j \jLv-\\ jl^jx cijul -.i ^'n^^i^^c^^j^ y IZ 

compared to airless endoscop3'^ (assuming the same diameter of the intestine). For 
airless endoscopy magnification versus 0 is shown, and magnific ntion versus cp is 

10 shown, while G is a parameter: G =10*^ 0 ==45° 0=70"^. For air insufflating endoscopy 
magnification versus 0 aiid cp is shown. It may be seen tliat magnification 
(resolution) of airless endoscopy is superior, especially in a central area. Assuming 
that the insujEation increases the diameter of the intestine (Rl< R2) -performance 
of the airless endoscopy is improved. 

15 It may be concluded that linear resolution of airless endoscopy is superior to 

air insufflating endoscopy in most angles of the field of view. Figure 10 presents the 
case when diameter of the intestine is the same in the air-insufElating and airless 
endoscopy (R1=R2). It is a reasonable assumption that the air insufflation increases 
the diameter of the intestine (RI>R2). Therefore linear resolution in the 

20 air-insufOating case will have even lower values than that presented in Figure 10. 

It will be appreciated by persons skilled in the art that the present invention 
is not limited to what has been particularly shown and described hereinabove. 

12 
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Rather the scope of the present invention is defined only by the claims which 
follow: 
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CLAIMS 

1. A method for in vivo imaging of an umnodified gastrointestinal tracts tlie 
method comprising the steps of: 

5 said imaging device cor::pris:r;; a" V-^:^ o:ic ccavc:: e:v^ w,,.,.,,^-, v^---^ 
umnodified gastrointestinal tract is illuminated and viewed: and 
obtaining images of the umnodified gastrointestinal tract. 

2. The method according to claim 1 wherein the umnodified gastrointestinal 
10 tract comprises an uninsuflElated gastrointestinal tract. 

3. The method according to claim 1 wherein the unmodified gastrointestinal 
tract is an uninsufflated small intestine. 

4. The method according to claim 1 wherein the imaging device is an 
endoscope. 

15 5. A method for viewing submucosal formations in a gastrointestinal tract, the 
method comprising the stqps of: 

introducing an imaging device into an umnodified gastrointestinal tract, 
said imaging device comprising at least one convex end through which the 
immodified gastrointestinal tract is illuminated and viewed; 
20 illuminating at least one collapsed wall of the gastrointestmal tract; 

obtaining images of the collapsed gastrointestinal tract wall; and 
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obtaining a view of submucosal formations of the gastrointestinal 
tract from the images of the collapsed gastrointestinal tract wall. 



6. The method according to claim 5 AvhcreMi the unmodified gr>s!rc*":'''^*^n^>I 

7. The method according tu claiiAi 5 vdicrcia ilxC i:i....^J./icd ^..oU'ciiil-oiIixc*! 
tract is an iminsuftlated srnail Uxtcstine. 

8. The metliod according to claim 5 wherein tlie imaging device is an 
endoscope. 

10 9. An endoscope configured to image an umiiodified gastrointestinal ti-act, said 
endoscope comprising at least one convex end through wliich the gastrointestinal 
tract is illuminated and viewed. 
10. The endoscope according to claim 9 wherein the unmodified gastrointestinal 
tract comprises an uninsufElated gastrointestinal tract. 

15 11. The endoscope according to claim 9 wherein the ummodified gastrointestinal 
tract is an uninsufSated small intestine. 
12. The endoscope according to claim 9 comprising a convex optical window, an 
image sensor and an illumination source, wherein the image sensor and 
illumination source are both positioned behind said optical window. 

20 
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